Response of garlic (var. BARI Garlic-2) to zinc, boron, and poultry manure application along with a blanket dose of 150 kg N, 50 kg P, 100 kg K, and 40 kg S/ha was evaluated through field trials in the Grey Terrace Soil under AEZ 25 (Level Barind Tract) at Spices Research Centre, Bogra during two consecutive rahi seasons
Introduction
Garlic (Allium sativum L.) is one of the most important spice crops in Bangladesh. It is important both for its culinary and medicinal uses. The crop is cultivated in the rabi season in Bangladesh. The area and production of garlic in Bangladesh are about 26721 hectares and 102000 metric tons of bulb, respectively, with an average yield of 3.81 t/ha (BBS, 2006) . The yield is very low as compared to the world average yield of 9.67 t/ha (FAO, 2002) . Reasons for the low yield of garlic are mainly due to depletion of macro and micronutrients from the soil, use of low yielding varieties with low or no inputs and poor management practices. Farmers of Bangladesh are mostly habituated with the use of macro-nutrients, especially nitrogen, phosphorus, and potassium for crop production. Use of micro-nutrients is limited. Boron is one of the most important micro-nutrients, although it is required in very small quantity. The nutrient is important in cell division, nitrogen and carbohydrate metabolism and water relation in plant growth (Brady, 1990) . Application of boron can increase bulb size, number of cloves/bulb and yield of garlic (Ahmed, 1998) and onion (Smriti et al., 2002) . Response of onion to zinc application is also evident (Lal and Maurya, 1981) . In addition to N, P, K, S, Zn, and B application of poultry/organic manure can increase the efficiency of chemical fertilizers and also improve the soil condition for the production of crops (Bhuiyan, 1994) . However, information on the use of poultry manure in combination with inorganic fertilizers for garlic is scanty in Bangladesh. Therefore, an attempt was made to study the response of garlic to zinc, boron, and poultry manure application in presence of N, P, K, and S in Grey Terrace Soil of Shibgonj, Bogra.
Materials and Method
Field experiments were conducted at Spices Research Centre, Shibgonj, Bogra during rabi seasons of 2005-2006 and 2006-2007 . Soil analysis (0-15 cm depth) was done by following ASI method (Hunter, 1984) . The initial soil characteristics are presented in Table 1 . The experiment was set up in a Randomized Complete Block (RCB) design with three replications. There were two levels of zinc (0 and 5 kg/ha as zinc oxide), two levels of boron (0 and 1 kg B/ha as boric acid), and three levels of poultry manure (0, 2.5, and 5 t/ha). Every plot except absolute control had received blanket dose of 150 kg N/ha as urea, 50 kg P/ha as triple super phosphate (TSP), 100 kg K/ha as muriate of potash (MoP), and 40 kg S/ha as gypsum. The treatment combinations are shown in Table 2 . The whole amount of poultry manure, TSP, MoP, gypsum, zinc oxide, boric acid, and 1/3rd urea were applied as per treatment at final land preparation. Cloves of garlic (var. rd urea was applied in two equal installments at 3 and 6 weeks after sowing (DAS). A light irrigations by sprinkler was given to the field immediately after sowing. Two more irrigations were given at 21 and 42 DAS. Intercultural operations, such as irrigation, weeding, mulching, etc. were done whenever required. The crop was harvested at its maturity. Data on the yield and yield components were recorded and statistically analyzed. Least Significant Difference (LSD) was used for comparison of the mean values. Partial budget and marginal analysis of undominated fertilizer responses on garlic yield were done following the method suggested by Elias and Karim (1984) .
Results and Discussion
Data on plant height, number of leaves/plant, cloves/bulb, diameter of bulb, and weight of individual bulb are presented in Table 2 . Application of zinc, boron, and poultry manure significantly increased yield attributes of garlic over control in both the years. The tallest plant, maximum number of leaves/plant, cloves/bulb, diameter and heaviest bulbs were produced by the treatment 5 kg Zn, 1 kg B/ha pIus 5 t/ha of poultry manure that had led to the significantly highest yield of garlic ( Table 2) . The shortest plant, lowest number of leaves, cloves/bulb, smallest diameter and lowest bulbs were recorded in control treatment. The increase in bulb yield was recorded with increasing rate of poultry manure. Addition of Zn with NPKS gave 0.46 t/ha higher yield in 2005-06 and 0.16 t/ha yield in 2006-07 over the NPKS application only. Increase in bulb yield due to added 5 kg Zn/ha in presence of NPKS was reported by Anwar et al. (1996) . Boron application also gave better yield of garlic in both the years. The result is in conformity with that of Chermsiri et al. (1995) and Ahmed (1998) kg/ha plus 2.5 t/ha poultry manure treatment, which was also significantly different from Zn 0 B 0 kg/ha + PM 5 t/ha, Zn 5 B 0 kg/ha in absence of poultry manure and Zn 0 B 1 kg/ha plus no poultry manure treatments. The yield advantage of different treatments was due to better growth and development. Thus higher photosynthate accumulation in the cloves for higher leaves/plant would ensure higher cloves/bulb, large bulb diameter, and higher bulb weight. Moreover, applied zinc and boron in combination with nitrogen, phosphorus, potassium, and sulphur in presence of poultry manure undoubtedly increased the yield indicating that the soil was deficient in those nutrients. The lowest yields of garlic, 2.78 t/ha in 2005-06 and 2.83 t/ha in 2006-07, were obtained from control treatment. 
Economic evaluation
In order to identify an economically viable treatment combination, partial budget, and dominance analysis followed by marginal analysis of cost undominated treatments was done. Gross return was calculated from the price of garlic. (Table 4) . Similar result was reported for garlic by Nasreen et al. (2007) .
Conclusion
The study revealed that application of fertilizer at the rate of 150 kg N, 50 kg P, 100 kg K, 40 kg S, and 5 kg Zn/ha would be economical for higher garlic production in Grey Terrace Soil of Shibgonj, Bogra.
